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Climatic-change implications from long-term (1823-1994)
ice records for the Laurentian Great Lakes
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INTRODUCTION

Past studhes have " own that frecze-up and ice-lows daves
we weeful mdices ¢ imate and chiratic chanze  Palecki
and Barev, 1986; 0 abertson, 1989; Schindler and others,
1990; Skinmer, 1993, Long-term freeze-up and jce-loss
vecords at Grand Iraverse Bav and Lake Mendot egan
it tre 1830: und by abour 1890 the averioe dates rovent a
sivlt 1o later freeze-up and earlier 1c¢ foas. .\ gradu.]
warmine du: e the 20th conmary was associated with a
second shiit to canlier fce-loss dates. stayting in abour 1940
at Grand Traver e Bay (0010-493 . and in 1980 a1 Lake
Mendota Assel and Robenson, in press . Heo we
expane on this woirk by examnung foa: additional sites
spreael throushour the Grear Lakes region. The scope of
this stody is Bimbred to adirsc explorstony boode at e data.
We exanine fong e averages and varfances «randard
deviation nd sieoothed plots of the annnal data, Qur
ohicctives are to o, idennfy similandes in the changes in
ice cover over the past 200 years thiroughout the Grear
Lakes region. (b descobe 7 wentes in the fco cover
among sites, and o gual vely infer changes w the
winter climate throughe t the vepion over the past
Wy ears.

I mixing ol off hon
. .nd Taronto Harbor repre__nt relatively <h
profecs -t environments. Freeze-up dine: aviedoalls bhecane faw L oy
arads sdly carlior from the syt ot records w e 18Y0: o Soth envizor Lo
e end of the “Litde Lee Age™. After this, fecze-up doos emained ve
constmt, sy gestive Bude change mocarlyacinier aly wempoatures duving th
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ik

nd Trarerse Bay and Balfale Harlwe “bur not the
arbiey davng the 19405 aud 10705 ool Becane Leer dar
wa  ng of the 19805 was marked by a trend roward earlier ice-loss

the

DATA AND SITE DESCRIPTIONS

lee-event dates, Lo Deerewap and ice-loss (hee k-
dates, are avwlable throoghour the Greac Lakes rccion.
Frecze-up can be defined ox die date of the (st skim ice,
the date sohd ice {orms that Justs annl the sprinz. or
somncthing in-beoween. boe-boe idate ¢ med e e
date the dce cover breaks up, the date of final fiss of iee
cover, or someirhing n-between, Since a standard
definition thus does nor 70 6 Z2C-VP OF R s
chmatic analvsls of these da 35 problemmic. Atbu wnh
this cavea, we found six sies. spamning virtualhy the
entive regon (Fio, 1 thar had lopez-ter fvceze-up coad
wedoss dme datu sets These foconnsy were
Chequamegon Bay (46.67"°N, 90.88" W3 brtwenn
Hovghton Point and Ashiond, 2, Grand 'Tras Bay
{44.76" N, 83.62°W3 lrom the head of the west avm o the
CE5.667 N,
5440 N7 7t Green Bav in the vicinity of Menominee.
Michigan O0°N D A7.64°\W 0 50 Buffalo arbor
A2BBON, 7890 W weaward w Lot Point, and 6]
Toronto Harbor {13637 XN] 7945 W, burween Toronio
bstand and the marntand. The pertod of vecord and the
average wafer depth for the six sites ranged from 64 to

bav w Marion [sland, 3% Lake Mendota
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Assel and others: Tee vecords for the Gyeat Lakes

These data suggest there has been warming during the
20uh century with the T80 behtg the warmest decade on
record at many locarions. The icedoss dates for Grand
Traverse Bay and Lake Mendota remained similay
throughout the early 19405, However, during the 19408
and 19503, ice loss at Grand Traverse Bay becume earlicr
i vespouse tw milder mid- to late-winter and carly-spring
ternperatures. Assel and Robertson {in presst found that
ice-loss dates for Grand Traverse Bay are sirongly related
o average March amr temperatuves which suared to
mercase i about dhie 19405 and 1950s. Lake Mendowa's
ice-loss dates did not become notablyv carlier in the 19404
and 1005 becuwse its tee-loss dates are more strongly
vadated (0 average January-March atv wemperntures
which did not coilecrively inerease unul around 1980
PAssel and Robertson, i press;.

Changes ju ice-loss dates ar Buflalo and rhe cast end of
Lake Exie were most simiar o those at Grand Traverse
Bay. These two sites have reladvey deep adjacent waters
and thoredore the porential for wixing with warmer
waters. Changes in the ice-loss dares at Menominee and
Chequamegon Bay appedr 10 follow the pasoom of the ice-
Joss dares of Lake Mendota mare than they do those of
Grand Traverse Bay, but cach site 3s also unigue in its
response to clinate and chirmatic change,

Warming in the 1980s and carly 19905 atlecred the
cntire winter and is reflecred in & wend wward eaviier ice-
loss daves acall sives. Bin facy, during the winters of 1985-92,
Grand Travese Bay did uot freeze up i 6 ont of these
Ivears, o record that i unmatched during any orher
0 vear peviod in the 144 vears of abservations {or that sire.

The changes in ree-luss dates for Take Mendora and
Grand Traverse Buy that occwrred around 1890 were
quantified in wrmys of changes in air wanperature using ice
models by Assel and Robertson (in press|. The vesuls
suggrest that mid- o late-winter abr femperacures increased
by approxmately 1.1°C. However, ice-dnss dates were ha
period of wransidon. so the air-temperature change would
be expected 10 be even Jarger i the period were extended
bick to the beginning ol the Toreno record (1823 1 he
cenlts also suggest thar mid- o late-winter air eemper-
atures jucrcased by approxmaehy 1.17C after 1910,

CONCLUDING REMARKS

Air temperature is the primary cliwuavic variable aftecting
frecze-up and ice-logs dates, while water depth and
mixing with buoger adjacent water bodies are also
cotributory facwory aflecting ice-event dares. Sites
having greater water depth and more exposure o larger
bodies of water have ltater fvecee-up dates and greuter
vartoce in ice-event dates. The long-term veraze iee-
foss date at such sites can be either about thr same (Grand
Traverse Bay) or much later [casiern end of Lake Eric
than the Jong-terny average date at less exposed sites
:Laxe Mendota and Toronro Harbarj,

The carliest ice records trom Toronto, Grand Traverse
Bay and Fake Mendota (1823-90) suggest that the winter
climite near the Grear Lakes prior to 1890 was warming
as mdicated by a wend towacd later freeze-up and earhier
ce-logs diates. This is in guod agreomicat with the

suggested timing of the end of the Litde lee ., around

1850. Snee alvont 18900 the overage freeze-up dates have
remaimed velatively stcady. indicaung lictle change in
early-winter awv emsporatures. fee-loss dates. however,
have continued 16 hecome earlier us dernonstrated by
vhanges over relatively <hort periods (1) after 1940 a
Grand Traverse By, 23 after 1980 at Lake Mendotz.
I'he yeason tor these changes appedrs (o be that ice-event
dates at Grand Traverse Bay represent an mgegration of
alr semperatures over different 1hme periods and a
different lake enmvironment than 4t Lake Mendow. lee
records at all six sites indicate the warmest decade over
the past 200 year ocanred 1w the 1980s.

A key to guanuifving the jee-event informaiion ia
teyms of climate change is vo develop an objective and
accarate ice-event dates nodel which refates iac vvents
alr temperature ov other climtatic vartable’s - We plan w
explore the development of jcc-event air-temperature
models (o represent aiv-temperature integration periods
associated with freeze-up mad ice-loss dates at the four
sites not examined by Assel and Robertson {in pressj. We
also plan to examineg possible telecounecions berween ice-
event dates in the diflevent Juke environments represented
by the six dee sites and possibly au other sites within the
Northern Hemdsphere by comparing geopotential heights
in apper-avr datz for the Narthern Hemisphere,
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